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Abstract 
 
Breeding of fish species is a growing industry, since humans need the fatty acids that the 
fishes provide. We have known this since the 1930, when the couple Burr published two 
articles that changed the field of nutritional biology for good, setting in stone that fatty acids 
are important for the health of humans as well as other living organisms. 
As humans we get our fatty acids mostly from fishes, which is why this industry is in such 
growth. The fishes need their fatty acids from their food as well, and this is where this 
projects focus lies. In this project we have grown 5 different strains of Rhodomonas and fed 
them to 5 different cultures of isolated Acartia Tonsa nauplii, to see if it was possible to 
enhance the fatty acid profiles of said copepods, since A. tonsa is the ideal live feed for fish 
larvae. The Rhodomonas strain K0294 has a higher DHA EPA ratio in both microalgae and 
A.tonsa (figure 5 & 8). The Rhodomonas strain K0294 is recommend as primary producer in a 
three step chain of trophic upgrading of FA to A.tonsa and fish larvae. 
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Introduction 
Fish production is a growing industry, and over the past five decades, this industry has grown 
by 3.2 percent annually (SOFIA, 2014). This industry is of high importance, if humans as a 
species want a healthy diet. In 2010, 16.7 percent of the animal protein consumed worldwide, 
was provided by fish, 6.5 percent, if taking vegetable protein into account as well (SOFIA, 
2014). But even though fish are an important source of protein, the reason we really need to 
eat fish, is because they are a rich source for unsaturated fatty acids, which are essential to us 
humans, this meaning that we need the FA through our diet, since we cannot synthesise them 
ourselves.. 
In the early nineties, fatty acids were considered as nothing but a source of calories, and they 
were disregarded as valuable components in a healthy diet. In 1930, this all changed, when 
the couple Burr published two papers in the Journal of Biological Chemistry, that proved this 
assumption wrong(Burr & Burr 1929)(Burr & Burr 1930). Through testing on rats, they found 
that different diets, had different effects on the animals, and if the diet lacked fatty acids the 
rats would show signs of deficiency, and they would often die from these symptoms. These 
two papers led to a paradigm shift in the field of nutritional biochemistry, and since fish are 
such a great source of fatty acids, fish became an important part of any healthy diet, and the 
dietary value of these fish are graded by the amount of unsaturated fatty acids they contain. 
 
A fatty acid is a carboxylic acid. They are very important sources of fuel for various organisms, 
since, when metabolized, they yield large amounts of ATP. 
The fatty acids we have chosen to focus on are the C22:6(n-3) and C20:5(n-3). Both of these 
fatty acids are polyunsaturated, and this can be seen from their respective names. C22 and 
C20 means that the fatty acids have 22 and 20 carbon atoms respectively, while :6 and :5 
means that they have 6 and 5 double bonds respectively. The n-3 (also often referred to as 
omega-3) indicates that the first double bond is located between the 3rd and 4th carbon atom 
if counted from the methyl end of the carbon chain. Double bonds between the C atoms occur 
in the aliphatic tail because of the lack of hydrogen atoms, which is why they are called 
unsaturated, saturated fatty acids are therefore lacking double-bonds. Unsaturated fatty acids 
are liquid in lower temperatures than saturated fatty acids, which is why they are found in 
large amounts in fishes. Fishes need the mobility that the liquid fatty acids provide at low 
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temperature, or else they would be stiff when the water they live in reached lower 
temperatures. This is in opposition to saturated fatty acids, of which most kinds already 
return from liquid state to solid state at around room temperature. 
The reason we have chosen exactly these two kinds of fatty acids is because they are what is 
called essential fatty acids for fish (Sargent et al. 1999). This means that the fishes can’t 
produce them themselves, and therefore need them through their diet. 
For this project, we could have chosen a large variety of FA to focus on, but for a number of 
reasons, we chose to focus on these two, one being we had to keep our project simple to 
manage it within the time scale of a semester. 
The reason we then chose to focus on two acids instead of one, is because the importance of 
fatty acids cannot be considered relevant if standing alone. The relative amounts are just as 
important to consider, as the absolute numbers, which is why we have chosen two acids, so 
that we can examine the ratio between the two. 
These two acids (C22:6(n-3) and C20:5(n-3)) are two of the three essential kinds of fatty acids 
in most organisms, called docosahexaenoic acids (C22:6(n-3)(DHA), eicosapentaenoic acids 
(C20:5(n-3)) (EPA) and arachidonic acids (C20:4(n-6) for (example) (ARA), and they are all 
important components in an abundance of bodily structures and functions. The reason we 
have chosen these two specifically is because the aforementioned ratio between these, in most 
fish larvae, should be 2:1, which means that the larvae need double the amount of C22:6(n-3) 
than that of C20:5(n-3). This ratio is the same for a lot of larvae, including sea bass, halibut 
and turbot (Sargent et al. 1999) whereas the other ratios may vary a lot more, so to keep our 
experiment more generally applicable, we chose the fatty acids with the most consistent ratio 
in most fishes and fish larvae. 
Also these two kinds of fatty acids, are the most abundant polyunsaturated fatty acids in the 
cell membrane of fishes, and therefore fish tissue will in general have higher concentrations of 
these specific fatty acids (Sargent et al. 1999) 
 
This leads to the logical conclusion, that when breeding fishes for the purpose of feeding 
humans, one must investigate the fishes ability to synthesise these fatty acids. If breeding a 
species of fish that does not have the ability to synthesise human essential fatty acids, one will 
have to make sure that the fishes get these fatty acids through their diet, through managing 
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and enriching their diet with these essential fatty acids. This form of acquiring essential fatty 
acids - through ones diet - is called trophic upgrade of FA, and this is what our experiment 
seeks to investigate.  
A lot of fish in the wild eat exactly that copepod we have been experimenting with (Acartia 
tonsa) and since our experiment tests whether the fatty acid profile of A. Tonsa nauplii 
changed if fed different algae, also with different fatty acid profiles, we will be able to assess 
which of the algae will be best as feed for the copepods, to give the copepods the best dietary 
value for fish.  
Trophic upgrade essentially means, that essential fatty acids can be transferred through a so 
called foodweb (fig 1.)  
 
Figure 1. This is a very simple version, but it is essentially a food web. It depicts how algae follows the arrow, and is 
eaten by the copepod A. Tonsa, and that A. Tonsa is in turn eaten by fish. As mentioned, for copepods, fish, and even 
human to be able to acquire essential fatty acids, fatty acids need to have the ability to trophically upgrade, 
meaning that they are transferrable through the trophic layers of a certain food web. This is what the simple food 
web illustrates, that fatty acids upgrade through the trophic layers, in the same direction as the arrows. 
 
This is essentially how fish larvae get their much needed nutrition. In oceanic biotopes such as 
the ones a large amount of fish larvae comes from, this nutrition comes from algae as the 
primary producer. This means that the algae is responsible for the conversion of inorganic 
energy into organic energy. Fish larvae does not eat algae, therefore they require other 
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organisms to consume them first, so called primary consumers. A lot of different organisms 
can be considered primary consumers, but in our case we have chosen to focus solely on the 
small crustaceans A. Tonsa. 
 
The copepod A.tonsa has high commercial and ecological interest as it acts as feed for 
especially fish larvae. Future developments in aquaculture may lead to the eventual need for 
easily, cheaply and quickly produced fish feed for the fish larvae which in turn would lead to 
the need for knowledge of the trophic upgrading of nutrition from feed to fish larvae. 
Fatty acids are built up in A. tonsa when energy use is lower than energy uptake through 
grazing, in our case on different Rhodomonas strains. The quantity and quality of fatty acids in 
A.tonsa determines the value it takes as potential feed for the fish larvae. Other biological 
factors include egg production, hatching success and adult survivability. Choosing the right 
algae strain thus becomes very important if you want to increase the yield in A.tonsa and 
ultimately fish larvae. Some algae produce oxylipins which can be toxic to some copepods. 
(Ianora and Miralto. 2010) From a commercial points of view that may reduce the potential of 
secondary consumers if we neglect those there are still some viable candidates especially 
Rhodomonas baltica and Rhinomonas reticulata which both has a high egg production and 
hatching success 24.4 eggs per female per day with a hatching percentage of 76% for R. 
reticulata and 21.9 eggs per female per day with a hatching percentage of 86% for R. baltica 
compared to Isochrysis galbana which has lower egg production on 12,8 eggs per female per 
day though still a high hatching percentage of 78% and Tetraselmis suecica which also has a 
low egg production on 13,4 eggs per female per day and a lower hatching percentage of 62% 
over a 15 day period (Jianshe Zhang et al. 2013). 
 
Of course fish larvae does not solely feed on A. Tonsa in nature, but a variety of fish larvae also 
has other preferred prey. This includes Artemia (brine shrimps) and Rotifera (rotifers). The 
reason for choosing copepods instead of the other two kinds of feed, is because feeding with 
live copepods as opposed to feeding with live artemia, seemingly increases the survivability, 
specifically in halibut larvae (H. hippoglossus) (Shields 1991). 
As mentioned, a fish larvae need large amounts of nutrition in the early stages of it’s life, since 
a fast growth is preferred. Fast growth is accomplished when fish larvae get large amounts of 
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nutrition without excessive use of energy for hunting. Therefore it is vital to choose the best 
kind of live feed, that provides the ideal feeding terms (size, nutrion etc.) for the fish larvae, 
and here the copepods seem to outcompete the artemia (Shields 1991) 
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Problem formulation 
Can Acartia tonsas’ nutritional quality and quantity of essential fatty acids, be improved via 
trophic upgrade with 5 different Rhodomonas strains and among the five strains, which would 
be best for feeding Acartia tonsa, with respect to its use as live prey for fish larvae? 
Subquestions 
1. Why did we choose A.tonsa and the algae strains? 
a. What are the current options in live feed for fish larvae eg. Artemia and rotifers? 
2. What is the function of FA? 
a. Which FA does a fish larvae, Acartia tonsa and Rhodomonas need? 
3. Why have we chosen to do carbon/nitrogen analysis of the algae strains? 
4. How does A.tonsa nauplii FA profile change when grazing on different strains of algae? 
5. Which strain is potentially the best feed for A. tonsa nauplii? 
Hypothesis 
With our knowledge about trophic upgrade, and the nature of FA uptake through one’s diet, 
we have thought up these two hypotheses: 
Hypothesis A: A.tonsa grazing on Rhodomonas with different FA profile will accumulate 
different FA profiles in the different A.tonsa populations, somewhat relating to the profiles of 
the algae 
Hypothesis B: A.tonsa grazing on Rhodomonas with similar FA profile will accumulate a 
similar FA profile in A.tonsa. 
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Methodology 
This projects experiment spanned over several weeks, and many different methods were 
applied. Figure 2 provides a visual overview, as well as a short introduction to our 
experimental procedures. 
 
 
 
 
 
 
 
 
 
 
Start up 
All necessary 
preparations were prepared in this phase, before starting anything experimental. The 
appropriate containers for cultivating our algae were found, containers for later cultivation 
and hatching of our A. tonsa nauplii were found, and everything were set up so that we could 
start our experiment. 
  
START UP 
ALGAE/COPEPODS 
GRAZING/COUNTING CELLS 
PREPARATION OF SAMPLES 
RUNNING SAMPLES/RESULTS 
Figure 2: A table of contents for our methodology chapter, to keep an 
easy overview of what we did in what order. Everything we did at each 
point in our experiment will be explained in the following chapter. 
Running of the samples was done by Lab technicians from RUC at the 
end of each preparation step, and results are presented in the analysis 
chapter. 
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Algae 
Algae populations were obtained with help from Anne LaCour, a laboratory technician at 
Roskilde University, the strains had been kept under low growing conditions e.g. low 
temperature, no air supply and low feed. We cultivated the Rhodomonas strains under more 
ideal conditions with light, nutrient “feeding” and constant oxygen supply. But first they were 
transferred to 2L containers and afterwards diluted in autoclaved seawater to avoid 
contamination with bacteria etc.  
R.salina K0294, R.salina LB2763, R.marina K0435, R.Kenya (isolated in Kenya, no 
identification yet) and the RUC strain R.salina, were all cultivated in 0,2 filtered seawater, fed 
with f/2 medium every day and were supplied with air bubbles, for oxygen, from a filter 
system (fig. 3).  
The f/2 medium consists of 4 different stock solutions, 1 liter of each solution were prepared. 
Each of the solutions are described in the paragraph below, and were made by first putting in 
all the contents of the given formula, and then filling the container to the 1 litre mark with 
MilliQ. The stock solutions look as follows 
 
NaNO3 Stock 
solution 
NaH2PO4 stock 
solution: 
Trace Metals stock 
solution 
Vitamin stock solution 
75.0 grams of 
NaNO3 
5.0 grams of 
NaH2PO4 
4.36 grams of Na2EDTA 
3.15 grams of FeCL3 * 
6H2O 
1 ml of the following 
trace metal solutions: 
CuSO4 * 5H2O 
ZnSO4 * 7H2O 
MnCl2 * 4H2O 
NaMoO4 * 2H2O 
10.0 mL of 0.1 mg/mL 
Biotin solution 
1.0 mL of 1.0 mg/mL 
Vitamin B12 solution 
0.2 grams of Thiamine 
HCl 
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The algae populations need a nutrient amount corresponding to their individual volumes, at 
first all of the algae populations had a volume of 1 liter. This means they need 1 mL of the 
three first mentioned stock solutions (NaNO3, NaH2PO4 and Trace Metal stock solutions) and 
0.5 mL of the Vitamin stock solution, so that the relationship between the solution are 2:2:2:1 
respectively. Except for a few crashes the algae were stable and after 2 weeks we gave them 2 
mL of everything except vitamins which we gave 1 mL of. 
 
 
 
 
 
 
 
 
 
 
  
Figure 3 Visual represenation of rhodomonas setup. 
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The calanoid Copepod Acartia tonsa 
The copepod population were cultivated in 2L beakers with tin foil as lid and supplied gently 
with 0,2um filtered oxygen (intense bubbles can cause stress for the copepods) (fig. 4.).The A. 
tonsa populations were fed with calculated amounts of algae at a minimum of 50.000 cells per 
liter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 4.The figure above 
illustrates our copepod 
populations and which algae 
strain they are fed with. We had 5 
strains plus a control or blank 
where no algae were given. 
These were stationed in a 
temperature room, set to 17 °C 
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Grazing/Counting cells 
Since the algae were fed to the A.tonsa nauplii, the size of the algae were measured as well, to 
see if the strains could be used algae as potential feed for the copepods, or if they had grown 
too big. For nauplii the estimated retention spectre is 7 (Berggreen 1988). This was done by 
taking a small amount of each of the algae populations, diluting it with autoclaved saltwater 
(approx. a 1/10 dilution) and measuring it in a coulter counter (model, number etc). This gave 
us a value for the ESD as well as cells per milliliter, by performing the test three times we 
calculated a mean based on these and a standard deviation for ESD. 
 
This was done over a time interval of 3 days, the reason for this was that three days was 
enough for the copepods to take up enough algae to measure changes in their fatty acid profile 
and this time period was short enough for no new individuals of copepods to be added to the 
sample population, through fecundity, as well as keeping lethality at a minimum. Over these 
same 3 days, the algae were fed to our nauplii populations and in order to give the copepods 
approximately the same amount of algae cells we had to count them as mentioned earlier, and 
calculate the necessary volume to achieve a minimum of 50.000 cells per milliliter for 1 liter 
volume of copepod. 
Preparing the FA samples 
When the three days had passed, the nauplii were starved for 2 hours, making sure they had 
no algae in their gut, since this would disturb our final results. After the starvation period, 
they were carefully poured through a 50μm filter into 500mL containers; to make sure none 
of the fallout (dead nauplii, nauplii feces or leftover/dead algae) would contaminate our 
further preparations. After the filtering, they were counted, since we needed to know how 
many nauplii/mL there were in each sample. This was done by taking three subsamples of 
nauplii, fixing it in lugol and counting each sample in a dissection microscope (Olympus Z4 40 
x magnification) and calculates the mean. 
We then proceeded to the filtering of the nauplii. This was done in the same fashion as with 
the algae. We needed 1000 nauplii on each filter for FA the analyses, so we calculated how 
many mL we needed to filter through each filter based on the mean value we had calculated 
from the counting. The formula used for the subsampling of the nauplii is described below: 
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As already described, we needed 1000 nauplii on each filter. Since we only knew that we had 
500mL, but not how many nauplii were in those 500mL, we had to subsample our nauplii, in 
order to count them. 
The subsampling were done by taking out 3x1 mL of each sample (the samples were stirred 
before taking out the subsample, to make sure the samples were representative of our entire 
populations). Then we put the 1mL in petri-dishes, killed the nauplii, and counted the dead 
nauplii in the dishes using microscopes. That would give us the immediate nauplii/mL 
amount of each sample. We then took the mean of each population like so: 
(1mL sample + 2nd mL sample + 3rd mL sample)/3 = mean nauplii/mL 
This was to make sure our number would be as close to representative as possible, and this 
was done with all 6 of our populations (5 fed with algae and the blank) so that we knew how 
many nauplii we had of each population. 
Now we needed to find out, how many mL we needed in order to get at least 1000 nauplii 
down on each filter. This was done using this equation: 
1000/mean nauplii/mL = mL to put on filter. 
Again, this was done with all 6 populations, since the populations presumable had different 
amounts of nauplii. 
Then we filtered the nauplii, put them in the muffled purex-vials and froze them down, so they 
were ready for later extraction. 
The vials were then freeze dried, to remove all excess moist from our samples. After the freeze 
drying, 3mL of chloroform:methanol (2:1) was added, along with exactly 20uL of internal 
standard (1000ug/mL C23-methylester). This was done with all of our samples. 
Since we had a lot of samples, the extraction of lipids was done over three full days in the 
laboratory. The procedure was the same each day, and it was done as follows: 
Approximately ⅓ of our 84 samples were extracted each of the days in the lab. Firstly our 
samples were transferred to 2mL GC vials, by pipetting. The vials were filled to almost full 
capacity. These vials were then put in an aluminium heating block, which had been preheated 
to 60 degrees Celsius. The chloroform:methanol solvent was dried out in this heating block, by 
blowing nitrogen into the vials through needles applied over the samples. These needles were 
held clean, and none of them touched our samples in the process. This process evaporated the 
liquid chloroform:methanol, and left the vials empty, only containing the dry sample. 
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After the drying of the samples, we added 1mL AcOMe/HCl/Toluene reagent, which had been 
prepared beforehand. After adding this solvent very carefully, the GC vials were capped 
firmly, and heated in a 95 degrees aluminium heating block for 2 hours. A NaHCO3 solution 
was bubbled with nitrogen while the vials were heated. After the 2 hours of heating, the vials 
were left for approximately 1½ hour to cool down. 
After removing the caps from the now cooled down vials, ½mL of the NaHCO3 solution was 
added to each vial. The samples were then stirred one at a time, using glass pipettes, changing 
pipette tips with each sample.  
This left our samples with two phases, an upper phase and a lower phase. The upper phase 
were extracted and transferred to another GC vial, labelled with the same number as the one 
it was transferred from.  
After the first extraction, ½mL of heptane was added to the “old” vial. This was again stirred, 
and left us with an upper and a lower phase. As earlier, the upper phase was extracted and 
transferred to the “new” vial. This was repeated once more, so in the end we were left with 
three upper phases in our “new” GC vial.  
These new vials were now placed in the aluminium heating block, which had again been 
preheated to 60 degrees Celsius, and by blowing nitrogen into the mouths of the open vials 
(same procedure as earlier in the extraction) the liquid content were evaporated and we were 
left with our dry samples. In the final step of the extraction, we added ½mL of chloroform to 
the dry samples, capped them and stored them in a -80 degrees Celsius freezer.  
This was done because we had too many samples to extract them all at once, and we had 
agreed that running all the samples at once would be the best procedure. After the extraction, 
the samples were analyzed by gas chromatography-mass spectrometry. 
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Preparing the CHN samples 
For the project’s CHN analysis samples of algae from the culture strains were taken. The 
purpose of this analysis was to allow nutritional comparison between the algae strains, and to 
give us more nutritional information than just that of the fatty acid profiles of each of the 
algae strains.  
The algae concentration found on a Coulter counter and then the necessary concentration was 
calculated to produce filters with approximately 0,5mg Carbon of algae per filter with the 
knowledge that R. salina contains approximately 50pg C / cell (Berggreen et al. 1988).  
For each algae strain 10 samples (filters) were made. These filters were then stored in a 
multiwell with labels of A - F and 1-10 and left to dry in small tin containers (5 x 9mm), these 
were then left to dry for 24 hours.  
After drying the tin containers, the samples were then pinched to close them and then placed 
back into the multiwell, which in turn got placed in an exicator until further processing of the 
samples were to be done. These samples were then analyzed by the Laboratory technician  
Katrine Bøgh from whom the results were given. 
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Reasoning behind statistical analysis and computation of values 
In order to see if the results from our measurements are statistically significantly different 
from one another we used a one-way ANOVA with a post-hoc Bonferroni-Sídák test for 
multiple comparisons of the EPA measurements and the DPA measurements respectively. The 
ANOVA tests if the measurements have equal means by analysing the variance between all 
samples, if the p-value (in the statistical program GNU PSPP this is given as “sig.”) is below 
0,05 it would indicate that there is a statistically significant difference in the means, this 
would then be further analysed by using a Bonferroni-Sídák test for multiple comparisons to 
see if any of the groups had statistically equal means. This result indicates which groups are 
from different populations, i.e. that there is a statistical significant difference in the content of 
FA DHA and EPA respectively, in the algae and copepods.  
 
The same procedure was done on the CHN measurements to see if the Rhodomonas had equal 
means of CHN content. The analysis was done for the ratio of C:N and the singular C and N 
respectively 
 
To compare our results with values found in the literature we also calculated the ratio of μg 
FA * mg C-1, this was done as we had calculated the mean value of pg C per cell, and the μg FA 
per 1 million cells. 
So by multiplying the value C by 10-9 to get mg of C per cell and then by a million to get mg C 
per 1 million cells we could calculate the above mentioned ratio by dividing out FA values for 
one million cells by C per 1 million cells. This was then also run through an ANOVA, sig. 
checked and if found to be below or at a value of 0,05 a post-hoc Bonferroni-Sídák test for 
multiple comparisons to see if there was a difference in means among the algae strains and to 
see which algae strains were different from one another. 
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Analysis 
The following chapter includes results graphically illustrated, short description of the charts 
and analysis of the results. Through our experiments, we have obtained many different 
results, we focus on three in particular in this aspect namely FA, carbon and nitrogen plus size 
of Rhodomonas strain. 
Statistical analysis 
In this analysis each strain is given a number for the use in the program GNU PSPP 
RUC (1,00), LB (2,00), Kenya (3,00), K0294 (4,00), Marina (5,00). Sig. is the p value in the 
statistical analysis. The results are in ug pr. 1 mio cell 
 
Figur 5. 
 
The figure above illustrates C22 and C20 in ug/1mio cell as a function of Rhodomonas strain and date. 
Overall there seems to be a decrease of C22 and C20 over the three day period. A tendency for Rhodomonas seems to 
be that the amount of C20>C22, however that does not seem to be the case for the strain K0294. The strains LB, 
Kenya and Marina seem to follow almost the same pattern, high C20, slightly lower C22 on the first day. Whereas 
RUC16 has an overall lower FA concentration.  
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Table 1 All samples through all days for C20 
 
The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294 and 5. Marina. It 
illustratres C20 for all days. RUC seems low compared to the others with 1,75±0,79, LB the highest 
amount with 2,51±0,91. Within each sample there is big variation std=[0,79:1,20].  
 
Table 2 ANOVA  
 
The table above shows that the groups within are not statistically significantly different F(4,39)=1,21 
p=0,322. F close to 1 hints an equal variation between groups and within groups.  
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Table 4 All samples through all days for C22 
 
The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294 and 5. Marina. It 
illustrates C20 for all days. RUC seems low compared to the others with 1,38±0,55, K0294 has the 
highest amount with 1,90±0,88. Within each sample there is big variation std=[0,55:0,88].  
 
TABLE 5 ANOVA for all samples through all days for C22 
 
The table above shows that the groups within are not statistically significant different F(4,39)=0,66 
p=0,626. Small F hints a smaller variation between groups than within groups.  
 
Because there is no statistical differences and the data hints a drop over the three days the 
next approach is to compare the FA in Rhodomonas strains per day.  
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Table 7 day 1 C20 
 
    The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294 and 5. Marina. It 
illustrates C20. RUC seems low compared to the others with 1,83±0,05, Marina the highest amount 
with 3,42±0,20. Within each sample there is little variation std=[0,05:0,20].  
 
Tabel 8 ANOVA 
 
     
    The table above shows that the groups within are statistically significantly different F(4,10)=81,52 
p=0,0. Large value for F hints a larger variation between groups than within groups.  
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Table 9 posthoc Sidak test  
 
The table above  is a t-test showing which groups are different. #.strain 1. RUC 2. LB 3. Kenya 4. 
K0294 and 5. Marina. RUC and K0294 are significantly different from all groups. Kenya is 
significantly different from Marina.  
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Table 10 day 2 C22  
 
The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294 and 5. 
Marina. It illustratres C22. RUC seems low compared to the others with 1,39±0,02, Marina the 
highest amount with 2,47±0,20. Within each sample there is little variation std=[0,02:0,20].  
 
Tabel 11 ANOVA 
 
    The table above shows that the groups within are significantly different F(4,10)=53,25 
p=0,0. Large value for F hints a larger variation between groups than within groups.  
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Table 12 posthoc Sidak test
 
The table above  is a t-test showing which groups are different. #.strain 1. RUC 2. LB 3. Kenya 
4. K0294 and 5. Marina. RUC is significantly different from all other strains. For all the other strains 
there seems to be no significant difference in C22 on day 1. 
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Table 13 day 2 C20 
 
The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294 and 5. 
Marina. It illustratres C20. RUC and K0294 seems low compared to the others with 2,62±0,12, and 
2,63±0,06 respectively. Kenya the highest amount with 3,20±0,13. Within each sample there is little 
variation std=[0,06:0,13] except for LB which has a very high std on ±1,00. The C20 level seems to be 
dropping for all other strains on day 2 except for RUC for which the total amount has gone up since 
the day before.  
 
Table 14 ANOVA 
 
The table above shows that the groups are not significantly different F(4,10)=0,91 p=0,50. A 
value for F close to 1,00 hints a variation between groups equal to that within groups. 
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Table 16 day 2 C22 
 
The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294 and 5. 
Marina. It illustratres C22. K0924 the highest amount with 2,58±0,7. Within each sample there is 
little variation std=[0,08:0,12] except for LB with a mean on 1,91 but higher standard deviation on 
±0,71. 
 
Table 17 ANOVA
 
The table above shows that the groups are not significantly different F(4,10)=1,95 p=0,19. A 
value for F close to 1,00 hints a variation between groups equal to that within groups. 
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Table 19 day 3 C20 
 
The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294 and 5. 
Marina. It illustrates C20. RUC and K0294 are low compared the others with 0,80±0,01 and 
0,70±0,02 respectively. The highest is LB with 1,52±0,05.  
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Table 20 ANOVA 
 
    The table above shows that there are significant differences between strains on the third day 
F(4,10)=376,27 p=0,00. A large F value hints that the variation within strains are smaller than 
variation between strains.  
 
Table 21 post-hoc Sidak test 
 
The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294 and 5. 
Marina. LB is significantly different from all other strains. Kenya is significantly different from all 
strains except Marina. K0294 is significantly different from all strains except RUC. Marina is 
significantly different from both LB and K0294. 
29 
 
Table 22 day 3 for C22 
 
The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294 and 5. Marina. It 
illustrates C22 at day 3. RUC, Kenya and Marina are low compared the others with 
0,73±0,03  0,73±0,03 and 0,71±0,4  respectively. The highest is LB with 1,12±0,01. 
 
Table 23 ANOVA 
 
    The table above shows that there are significant differences between strains on the third day 
F(4,10)=82,92 p=0,00. A large F value hints that the variation within strains are smaller than 
variation between strains.  
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Table 24 posthoc Sidak test 
 
The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294 and 5. 
Marina. LB and Kenya are both significantly different from all strains.  
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The following statestics are done on A.tonsa grazing on the five different Rhodomonas strains 
aswell as a blank where no microalgae has been given. all results are in ug pr 1 mio organisms. 
Figure 6.  
 
    The figure above illustrates C22 and C20 in ug/1mio cell as a function of which Rhodomonas strain the A.tonsa 
has grazed on. We can see that overall the C22 concentration was higher than C20, with K0294 having the overall 
lowest concentration of both FA. The Kenya strain had the overall highest concentration of FA, followed by the 
Marina, RUC and LB strains. It should however be noted that both LB-C20 and RUC-C22 had rather large standard 
deviations. 
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Table 25 A.tonsa C20 
 
The table above is a snapshot from PSPP. #.strain 1. RUC 2. LB 3. Kenya 4. K0294. 5. Marina 
6.Blank. It illustrates C20 after the copepod populations have consumed one of the algae strains 
each. The lowest is K0294 with 3,43±1,21 The highest is Kenya with 5,89±0,69. The Blank lies at 
1,81±0,22 
Table 26 ANOVA  
 
    The table above shows that there are significant differences between strains on the third day 
F(4,10)=23,87 p=0,00. A large F value hints that the variation within strains are smaller than 
variation between strains.  
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Table 27 posthoc Sidak test 
 
    #.strain 1. RUC 2. LB 3. Kenya 4. K0294. 5. Marina 6. Blank. All the A.tonsa feeding on Rhodomonas 
are significantly different from the blank. K0294 is significantly different from all strains except LB. 
The rest strains show no significantly difference.  
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Table 28 A.tonsa C22
 
    The table above is a snapshot from PSPP. #.strain, 1. RUC 2. LB 3. Kenya 4. K0294. 5. Marina 
6.Blank. It illustrates C22 after copepod populations have consumed one of the algae strains. 
K0294 is the lowest compared the others with 5,90±1,28(except from the blank). The highest is 
Kenya with 8,07±0,68. The Blank lies at 2,98±0,46  
 
Table 29 ANOVA 
 
The table above shows that there are significant differences between strains on the third day 
F(5,30)=27,74 p=0,00. A large F value hints that the variation within strains are smaller than 
variation between strains.  
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Table 30 post-hoc Sidak test 
 
    #.strain 1. RUC 2. LB 3. Kenya 4. K0294. 5. Marina 6. Blank. All the A.tonsa feeding on Rhodomonas 
have a statistically significant difference from the blank. There is only a statistically significant 
difference between K0294 and Kenya.  
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The following statistics is done on Rhodomonas strains, the results are carbon and nitrogen in pg 
pr cell. 
 
figure 7 
Figure7 above illustrates nitrogen per cell in ug as a function of carbon per cell in ug of the 
five Rhodomonas strains. It can be seen that Kenya has the largest standard deviation for carbon out 
of the samples. The other samples seem to lie closely within the same range. K0294 has the lowest 
concentration of carbon though Marina also has low concentration of carbon.The highest 
concentration of carbon is found in Kenya, RUC or LB they are all very similar. 
 
  
37 
 
TABLE 31 Carbon 
 
    The table shows carbon concentration #.strain 1. RUC 2. LB 3. Kenya 4. K0294. 5. Marina. Kenya 
and K0294 has the lowest mean 0,49±0,23 and 0,46±0,1 respectively. RUC and LB the highest 
0,63±0,1 and 0,62±0,1 respectively. The overall std is very low ±0,1 except Kenya ±0,23. 
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Table 32 ANOVA 
 
The table above shows that there are significant differences between strains on the third day 
F(4,45)=5,41 p=0,01. A large F value hints that the variation within strains are smaller than 
variation between strains. 
 
Table 33 posthoc Bonferroni-Sídák test for multiple comparisons of the  
 
#.strain 1. RUC 2. LB 3. Kenya 4. K0294. 5. Marina. RUC is statistically significantly different 
from both Kenya and K0294. RUC is significantly different from Kenya and K0294. LB is significantly 
different from K0294.  
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Table 34 Nitrogen 
 
    The table above is nitrogen concentration #.strain 1. RUC 2. LB 3. Kenya 4. K0294. 5. Marina. 
Kenya and LB have the lowest mean 0,07±0,03 and 0,08±0,00 respectively. Marina has the highest 
mean 0,10±0,00. Overall standard deviations are very low std=[0,00:0,03] 
 
Table 35 ANOVA 
 
The table above shows the result of a one-way ANOVA. A significant difference between 
strains. F(4,45)=6,78 p=0,00 a large F hints a larger variation between strains than within strains. 
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Table 36 posthoc Bonferroni-Sídák test for multiple comparisons of the 
 
#.strain 1. RUC 2. LB 3. Kenya 4. K0294. 5. Marina. Kenya is statistically significantly different from 
all strains except LB. LB is significantly different from Marina. 
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Table 37 C:N ratio  
 
The CN ratio of #.strain, 1.RUC, 2. LB, 3. Kenya, 4. K0294, 5. Marina  
LB has the highest value with mean 8,09±0,07 . The lowest is K0294 with 5,58±0,07.  
 
Table 38 ANOVA  
 
The table above shows that there are significant differences between strains 
F(4,45)=1340,76, p=0,000. Large F value hints a larger variance between strains than within a 
strain. 
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Table 39 post-hoc Bonferroni-Sídák test for multiple comparisons of the C:N ratio 
 
The CN ratio of #.strain, 1.RUC, 2. LB, 3. Kenya, 4. K0294, 5. Marina. In relation to C:N ratio all 
strains are significantly different, except for RUC and Kenya they are still however significantly 
different from all other strain than each other.  
 
Rhodomonas strains could not be compared in groups over three days, but day to day 
comparison shows significantly differences in C20 and C22, or rather the first two days. The 
biggest differences we found in the Rhodomonas strains are on the third day but also day one 
had an interesting result for both C20 and C22 (Table 19-24) . Especially C20 concentration 
show significantly differences from strain to strain. The first day there are multiple strains 
that are different in C20, K0294(2,22±0,12) and RUC(1,83±0,05) are different from all strains, 
compared to Kenya(2,91±0,14) they are low especially RUC. Compared to Marina(3,42±0,20 ) 
Kenya is low. On day two there are no significant differences between the strains. Day three is 
another tale all by itself, in C20 there are significant differences between LB(1,52±0,05 ) and 
all other strains. LB has the highest concentration of all the strains. Kenya(1,02±0,1) is also 
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significantly different from all strains except Marina(0,91±0,03). K0294(0,70±0,02) is also 
significantly different from all strains except RUC(0,80±0,01 ). Taking into account that the 
standard deviation is almost none existing, for both C20 and C22, on day three this day in 
particular might be the best representative we have for the strain. When we look at day one 
through three again, but this time at C22 it becomes more clear which strains are the most 
different from the others. RUC(1,39±0,02 ) is also significantly lower than all strains in C22 
especially compared to Kenya(2,40±0,10) and Marina(2,47±0,20). There is no difference in 
C22 between any other strains on day one, nor are there any significant differences between 
strains on day two. More interesting is day three where Kenya(0,87±0,02) and LB(1,12±0,01) 
both are significantly different from all other strains. The other strains RUC(0,73±0,03), 
Marina(0,71±0,04) and K0293(0,73±0,05) have a lower concentration of C22. Overall day 
three shows significant differences in both C20 and C22 between LB and all other strains, 
between Kenya and all other strains except Marina in C20. Further supported by significant 
differences between Kenya and RUC in C22, and both RUC K0294 on day one in C20. 
 
In A.Tonsa (table 25-30) we see differences in the C20 and C22 as well, again especially C20 
are significantly different from some strains compared to other strain. All strains were 
significantly different from the blanks, a good result as that means the A.tonsa actually has a 
net uptake of C20 and C22 when given Rhodomonas in other words the Rhodomonas strains is 
a potential feed for A.tonsa. Also that supports the fact that our treatment resulted in a an 
effect we could measure. Apart from being significantly different from the blanks, K0294 is 
also significantly different in C20 concentration from all other Rhodomonas strains than LB. 
K0294(3,45±1,21) has a low concentration of C20 compared to RUC(4,85±0,43) and much 
lower than Kenya (5,89±0,69). However the only significantly difference in C22 is between 
K0294(5,90±1,28) with the lowest concentration and Kenya(8,07±0,68) with the highest 
concentration. Overall LB RUC and Marina show no significantly differences in C20 nor C22 
when fed to A.tonsa, however there is a significantly difference in C20 and C22 between some 
Rhodomonas strain, Kenya and K0294 are examples on this, the C20 and C22 concentrations 
in Kenya>K0294.     
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There are great differences between strains in relation to C:N only Kenya(7,62±0,12) and 
RUC(7,69±0,03) have the same ratio, compared to the others like LB(8,03±0,07) which is the 
highest concentration and K0294(5,84±0,16) the lowest, they fall in the high end of the 
middle. Apart from these two all other strains show significant differences in C:N ratio.  
 
The following statestics is for Rhodomonas strain at day 3. All results are in mg FA pr mg C. 
Table 40 FA C relative Rhodomonas 
 
The table above is a snapshot from PSPP. It illustrates ug C20:6n-3 *1mg of C-1 in rhodomonas. Kenya 
(3,00) has the highest mean value of C20:6n-3 per C at 20,61±0,26 ug C22:6n-3 * 1mg C-1 and K0294 
(4,00) has the lowest at 15,10±0,42 C20:6n-3 per C-1. 
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Table 41, ANOVA of C20:5n-3 per mg Carbon in rhodomonas strains 
 
The table above shows that there are significant differences between strains F(4,10)=260,49, 
p=0,000. Large F value hints a larger variance between strains than within a strains. 
 
Table 42, post-hoc Bonferroni-Sídák test for multiple comparisons of C20:5n-3 per mg C in 
rhodomonas strains 
 
the post-hoc shows that all of the strains have statistically significant differences in the means 
between one another in regards to ug C20:5n-3 * mg C-1. 
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Table 43 FA C relative Rhodomonas 
 
The table above is a snapshot from PSPP. It illustrates ug C22:6n-3 *1mg of C-1 in rhodomonas. LB 
(2,00) has the highest mean value of C22:6n-3 per C at 18,25±0,21 ug C22:6n-3 * 1mg C-1 and RUC 
(4,00) has the lowest at 11,54±0,48 C22:6n-3 per C-1. 
 
Table 44 Anova of C22:6n-3 per C in rhodomonas strains 
 
The table above shows that there are significant differences between strains F(4,10)=54,60, 
p=0,000. The F value hints at some variance between strains rather than within a strains. 
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Table 45, post-hoc Bonferroni-Sídák multiple comparison of rhodomonas strains  
 
The multiple comparison shows that Kenya (3,00) and LB (2,00) had no statistical significant 
difference in ug C22:6n-3 * mg C-1. It also shows that Kenya (3,00) and K0294 (4,00) had no 
statistical significant difference in means of ug C22:6n-3 * mg C-1. 
 
From these ANOVA and post-hoc Bonferroni-Sídák post-hoc tests we can say that there is a 
statistically significant difference in our results of ug C20:5n-3 and ug C22:6n-3 * mg C-1 and that 
there is a statistically significant difference in means between all the groups. For C20:5n-3 the 
highest mean lies at 24,70±0,80 μg C20:5n-3 x mg C-1 from LB and the lowest lies with RUC at 
15,10±0,42 μg C20:5n-3 x mg C-1. 
 
For C22:6n-3 the lowest content of said FA lies with RUC at 11,54±48 μg C22:6n-3 x mg C-1, the 
strain with the highest FA content is LB 18,25±0,21 C22:6n-3 x mg C-1. 
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Discussion 
From our analysis we could see that different algae strains have different fatty acid profiles 
and C:N ratios. Feeding A. tonsa with different kinds of Rhodomonas strains yielded a result 
that indicates the trophic upgrade of fatty acids from primary producer to primary consumer 
since all of our cultures that received food, statistically differed from our blank culture (table 
27&30). This logically proves, that A. tonsa benefits from being fed algae compared to not 
being fed at all. It should be noted though, that according to our analysis, the Rhodomonas had 
a drop in fatty acid per one million cell over the three days of measuring samples (figure 5). 
This drop can be caused by a number of factors, but considering that our algae cultures were 
pretty intense in the last couple of days, the amount of space that our beakers provided, could 
be insufficient to support further growth, or even optimal life conditions for the Rhodomonas 
strains. All of our algae had received the same treatment throughout the growing (feeding, 
dilutions etc.) so it is likely that all algae should “crash” at the same time.  
 
Both our hypothesis and null hypothesis can be accepted. A.tonsa have shown uptake of FA 
both EPA and DHA. This deduction is logical, since all populations were significantly different 
from blank (figure 6).  
We have found significantly different essential FA profile in A.tonsa grazing on two different 
Rhodomonas Kenya and K0294 which is proof of our hypothesis. However we have also found 
no significant differences between strains eg. Kenya and LB in which case we should reject 
our hypothesis and instead accept the null hypothesis. (Table 27&30) This proof consists of 
two arguments. For EPA every strain differs, except for the LB and K0294, and for DHA, 
K0294 statistically only differed from Kenya, where no statistical different was found from the 
other cultures. As mentioned, this proves that copepods grazing on different algae, will 
receive different FA profiles. But depending on which algae they are fed, the copepod might 
not differ in FA profiles, hence the populations that did not end up having different profiles. 
 
Based on this, and based on the knowledge, that a wide variety of fish larvae need a specific 
ratio of DHA and EPA (2(c22):1(c20) (Sergent et al. 1999 nr. 2)), if we were to choose which 
algae strain we find is the most suitable for production of A.tonsa as live feed, we would pick 
the K0294-strain, since it has the most optimal ratio (figure 5). It is clearly seen from this 
figure, that K0294 is the only algae strain with a higher amount of C22 than that of C20. This 
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makes it the best algae when considering the golden standard. Where we to base our choice 
on total amount of FA uptake instead, any other strain than K0294 seems to be the optimal 
strain. (figure 6) 
 
In relation to nitrogen being the limiting nutrient compared to carbon, the strain K0294 is the 
optimal with the lowest C:N ratio (table 37). In total amount of nitrogen K0294, RUC and 
Marina would be the most optimal choice (table 34), as they have the highest total amounts of 
both nitrogen. 
 
The carbon and nitrogen concentrations range between 46,2±5,0 ug C per cell till K0294 with 
63,3±7,0 ug C per cell and 7,1±1,1 ug N per cell for RUC till 10,0±0,3 ug N per cell for Marina 
other studies found similar carbon and nitrogen concentrations in Rhodomonas eg. 46,0-106,0 
ug C pr cell and 8,0-23,0 ug N pr cell (Bi et al 2014) 44.9 ug C per cell and 13,4 ug N pr cell 
(McKinnon et al. 2003) 58,0 ug C pr cell and 11,9  (Amin et al. 2011). 
 
The C:N ratio range between 5,6 for K0294 to 8,1 for Marina (table 39) other studies report 
slighty lower C:N ratios for Rhodomonas eg. 4,87(Amin et al. 2011).  
 
The C20 values for our Rhodomonas strains range between 12,69±0,15μg mg C-1 for RUC and 
24,70±0,80μg mg C-1 for LB (table 42) which is similiar to values in other studies report eg. 
20,76±0,8 μg mg C-1 (Chen et. al. 2011).The C22 values range between 11,54±0,48 for RUC and 
18,25±0,21 for LB (table 45)  which is similiar to values to other studies report eg. 13,30±0,60 
μg mg C-1 (Chen et. al. 2011) 
 
If the experiment should be expanded to involve the next trophic layer in commercial interest 
which is fish larvae, our recommendations would be to make two populations of A. tonsa. 
Based on the essential FA of A.tonsa one group should contain K0294 because of the ‘’golden 
standard’’ mentioned (Sergent et al. 1999) the other group could consist of strains with high 
total amounts of FA.  
Based on ug FA pr mg C in the Rhodomonas strain RUC and Kenya might be interesting as they 
show statistical differences in both C22 and C20 (table 42&45). 
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The Rhodomonas strain K0294 shows a tendency unlike other Rhodomonas strains. The ration 
between DHA and EPA in this particular strain is higher compared to other strains (figure 5). 
A. tonsa grazing on this particular strain also has a higher ratio between DHA and EPA(figure 
8), this appears in line with trophic upgrade of essential FA. 
 
Error margins 
The size test was run at a time where the algae population were not in exponential growth, 
this could mean that the average was biased. This was confirmed when we again tested the 
size of R. Kenya and R. LB, this time they were both very intense, they had both grown a 
significant amount. 
We have chosen to work with nauplii because they have not grazed in previous life stages that 
means they are ideal as controls. 
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Conclusion 
Rhodomonas strains has shown both statistically different essential FA profiles mainly on the 
third day (table 21 & 24) and statically equivalent essential FA profiles mainly on the first and 
second day (table 9,12,15&18). Rhodomonas strains has shown statistically different C:N 
ratios, the Rhodomonas strain K0294(5,58±0,07), Marina(5,84±0,16) and LB(8,09±0,07) are 
statistically different from all other strains in C:N (table 39). Rhodomonas strains has shown 
statistically different essential FA profiles relative to C, results for third day only (table 45 & 
42).   
 
A.tonsa grazing on different Rhodomonas strain has shown to accumulate both statistical 
different essential FA profiles but also statistical equivalent essential FA profiles. A.tonsa 
grazing on K0294(3,43±1,21) and Kenya(5,89±0,69) are statistically 
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